ABSTRACT
INTRODUCTION
Levator ani muscle (LAM) avulsion has been reported in 13-36% of women after vaginal delivery [1] [2] [3] [4] [5] . Most studies have focused on primiparous women and the obstetric risk factors resulting in this condition 2, 3, 6, 7 . LAM avulsion has not been found to be associated with symptoms of pelvic floor disorders or to cause impairment of the quality of life in women during the first year after delivery [7] [8] [9] [10] . However, it is well known that LAM avulsion is associated with pelvic organ prolapse (POP) 11 , which can affect quality of life 12 . Women who have a vaginal delivery have a higher risk of developing POP than do women who are nulliparous or have had only Cesarean delivery 13, 14 . Healing of LAM avulsion has been reported from 6 months to 3 years after delivery in those found to have this condition shortly after delivery; however, these reports are limited by small sample size, ranging from approximately 10 to 50 women, and include only primiparous women 8, 9, [15] [16] [17] . Horak et al. 18 reported the effect of a second delivery on pelvic floor anatomy, but their study was retrospective, with a limited number of participants. There is still limited information on the long-term impact of LAM avulsion after first delivery, especially in women who have a subsequent delivery.
The aim of this study was to evaluate the morphological outcome of LAM avulsion in women 3-5 years after their first delivery and to assess the effect of a subsequent delivery on this condition. The impact of LAM avulsion on pelvic floor disorders was also evaluated.
METHODS
This was a follow-up study of a total of 666 women included in two previous prospective observational studies who underwent pelvic floor assessment 8 weeks after their first delivery to assess for LAM avulsion 3, 7 . The first study included primiparous Chinese women with a singleton pregnancy who underwent translabial ultrasound examination at 8 weeks postpartum 3 . The second study included primiparous Chinese women who had undergone instrumental delivery and were examined by translabial ultrasound at 8 weeks postpartum 7 . We invited the women for a follow-up examination 3-5 years after their first delivery. For women with a subsequent pregnancy at the time of the invitation, the follow-up examination was arranged at 6 months or more after this second or third delivery; those with an ongoing pregnancy were excluded from the study.
Written informed consent was obtained from all women, and the study was approved by the Institutional Ethics Committee for Research on Human Subjects (CRE Ref. No. 2013.322 ). Data on maternal characteristics, subsequent delivery, mode of delivery, duration of labor and birth weight were obtained from the women or from the medical records of those who had delivered at the institute. Women were categorized according to parity at follow-up as primiparous or multiparous. Women were asked to complete the Chinese validated Pelvic Floor Distress Inventory (PFDI) questionnaire, including the Urinary Distress Inventory (UDI) and Pelvic Organ Prolapse Distress Inventory (POPDI), to explore symptoms of pelvic floor disorders 19, 20 . A response of yes to questions on urine leakage related to coughing, sneezing, laughing or performing physical exercise, such as walking, running, aerobics, lifting weight or bending over, was regarded as indicating the presence of stress urinary incontinence (SUI). A response of yes to questions regarding the sensation of or presence of visible or tangible bulging or protrusion from the vaginal area was regarded as indicating symptoms of POP 19 . Following this, the degree of prolapse was assessed according to the POP quantification (POP-Q) system 21 with the investigator (S.C. or R.C.) blinded to the results of the questionnaire. A standard translabial ultrasound examination to assess the pelvic floor was performed by one of the investigators (L.L.) using a three-dimensional (3D) GE Voluson 730 (GE Medical Systems, Zipf, Austria) ultrasound system with a 4-8-MHz autosweep transducer 22 . The transducer was placed on the perineum in the mid-sagittal plane with the woman in a supine position, immediately after voiding. 3D ultrasound images of the pelvic floor anatomy were obtained with a sweep angle of 85
• , at rest, on Valsalva maneuver and on pelvic floor muscle contraction (PFMC). Women were asked to perform Valsalva and PFMC for as long as possible. At most, three Valsalva maneuvers and three PFMCs were required, the most effective contraction being used for evaluation. The volume datasets were saved and offline analysis was performed later. Ultrasound volume datasets obtained on maximum PFMC were used as described previously for the assessment of LAM avulsion 22 . The LAM was assessed using tomographic ultrasound imaging on volumes obtained on maximum PFMC at 2.5-mm slice intervals, from 5 mm below to 12.5 mm above the plane of minimal hiatal dimensions. Following this, measurements of the levator-urethra gap (LUG) were obtained. Full LAM avulsion was defined according to the minimal criteria for complete avulsion of the LAM, using a cut-off of 23.6 mm for the LUG in at least three central slices at the level of minimal hiatal dimensions and 2.5 mm and 5 mm above 3, 23 . LAM avulsion was considered unilateral if only one side, right or left, was affected, or bilateral if both sides were affected. The same investigator analyzed all ultrasound volumes, blinded to patients' symptoms and PFDI scores.
Statistical analysis
Statistical analysis was performed using the SPSS statistical package, version 22 (IBM corp., Armonk, NY, USA). Variables were tested for normal distribution using the Shapiro-Wilk test. Indices measured in two groups of subjects were compared using the independent samples t-test. Descriptive statistics were used for the background demographics, delivery details and incidence of LAM avulsion. Independent samples t-test or the chi-square test was used to identify predictors of avulsion persistence and postpartum SUI on univariate testing. Binary logistic regression analysis was performed to identify the risk factors associated with persistent avulsion and postpartum SUI and create models containing predictors identified to be significant on univariate analysis. Pelvic floor disorders and POP-Q findings were compared between women with and those without LAM avulsion using the chi-square test or two-sided Fisher's exact test, as appropriate. PFDI scores were presented as median and interquartile range (IQR). For comparison of PFDI scores between women with and those without LAM avulsion and between women with persistent LAM avulsion and those with healed LAM avulsion, non-parametric tests were used; P < 0.05 was considered statistically significant.
RESULTS
Overall, 399 (59.9%) women attended follow-up and completed the study. There was no statistical difference in maternal age, gestational age, mode of delivery, birth weight, duration of second stage of labor or active second stage of labor and incidence of LAM avulsion in the first delivery between women who attended for follow-up and those who did not. In total, 151 (37.8%) women were multiparous, with 147 (36.8%) being para 2 and four (1.0%) being para 3. Background characteristics and delivery details of the women who attended for follow-up are given in Table 1 and Figure 1 . In all, 347 women had had at least one vaginal delivery and 52 women had never had a vaginal delivery. 42.3 ± 7.6 -Data are given as mean ± SD or n (%). BMI, body mass index; CS, Cesarean section; GA, gestational age; MA, maternal age.
In the multiparous group, 22 women had LAM avulsion at the 8-week assessment after their first delivery. At the follow-up assessment after a second/third delivery, 18 (81.8%) of these women showed persistent LAM avulsion while four (18.2%) no longer had LAM avulsion (Table 2) . Of the 107 women who did not have LAM avulsion after their first vaginal delivery, only one (0.9%) had LAM avulsion at follow-up after a second vaginal delivery; she delivered at 39 weeks with second stage of labor lasting only 5 min and a birth weight of 3230 g (Table 2 and Figure 2 ).
In the primiparous group, 47 women had LAM avulsion (24 bilateral and 23 unilateral, with eight on the right side and 15 on the left) at the 8-week assessment after their first delivery. At follow-up, 42 (89.4%) women had persistent avulsion (18 bilateral and 24 unilateral, with seven on the right side and 17 on the left) and five (10.6%) had no avulsion. There was no statistically significant difference in the rate of persistent LAM avulsion between the primiparous and multiparous groups (P = 0.452). No woman had unilateral avulsion at follow-up on a different side from that at the 8-week assessment. Overall, 61 (17.6%) women with at least one vaginal delivery had LAM avulsion at follow-up, while no woman with a Cesarean section had LAM avulsion. In the 69 women who had LAM avulsion after their first delivery, there were a total of 99 LAM avulsions. At follow-up, 16 (16.2%) avulsions were found to be healed and 83 (83.8%) were persistent.
Maternal age, gestational age, duration of the second stage and of the active second stage of labor, mode of vaginal delivery and birth weight at first delivery, as well as the interval between first delivery and follow-up, were not found to be associated with either healed or persistent LAM avulsion. There was a tendency for persistent LAM avulsion after a forceps delivery (persistent vs healed LAM avulsion: forceps delivery, 22 (91.7%) vs 2 (8.3%); ventouse extraction, 43 (81.1%) vs 10 (18.9%); normal vaginal delivery, 15 (68.2%) vs 7 (31.8%)). There was also a tendency for a larger LUG after first delivery in women with persistent LAM avulsion than in women with healed LAM avulsion (2.86 ± 0.4 cm vs 2.67 ± 0.29 cm, respectively; P = 0.05). However, we failed to show LUG as a predictive factor for persistent LAM avulsion (odds ratio (OR), 4.38 (95% CI, 0.90-19.78); P = 0.055).
A greater proportion of women with LAM avulsion at follow-up reported symptoms of SUI than did women without avulsion (34 (55.7%) vs 119 (35.2%), respectively; P = 0.002; crude OR, 2.23). Binary logistic regression analysis was performed to study the impact of maternal age at delivery, previous vaginal delivery, multiparity and LAM avulsion on symptoms of SUI; LAM avulsion was found to be the only risk factor (adjusted OR, 2.09 (95% CI, 1.18-3.70); P = 0.01). A greater proportion of women with LAM avulsion reported symptoms of prolapse than did those without avulsion, but this difference did not reach statistical significance (8 (13.1%) vs 37 (10.9%), respectively; P = 0.61). There was significantly greater descent of the anterior vaginal wall (POP-Q coordinates Aa and Ba) in women with LAM avulsion than in those without, both at 8 weeks after first delivery and at follow-up (Table 3 ). There was a tendency for greater descent of the cervix (POP-Q coordinate C) and, at the 3-5-year follow-up, of the posterior fornix (POP-Q coordinate D) in women with LAM avulsion than in those without, but these differences did not reach statistical significance (Table 3) . Women with LAM avulsion had significantly higher UDI and POPDI scores than did women without avulsion (median UDI score, 17. 
DISCUSSION
Previous studies have focused mainly on pelvic floor changes after first delivery in primiparous women. In this longitudinal study, we were able to assess the pelvic floor of 151 multiparous women after their second or third delivery. A new LAM avulsion after a second vaginal delivery was found in only one woman. The incidence (0.9%) of a new LAM avulsion after a second vaginal delivery was much lower than for a first vaginal delivery (13-36%) [1] [2] [3] [4] [5] .This suggests that women who have had a vaginal delivery without developing LAM avulsion should be advised that their risk of acquiring LAM avulsion in a subsequent vaginal delivery would be low. However, this low incidence might be attributed to the low rate (2/121 vaginal deliveries) of forceps delivery in our group. Horak et al. 18 reported new LAM avulsion in a multiparous woman who had her first delivery by emergency Cesarean section and her second by vacuum delivery. In our study, only two women had a successful vaginal delivery after a previous Cesarean section.
Recovery and partial recovery of the pelvic floor structures, such as the bladder neck, within 12 months following childbirth, have been reported previously 24, 25 . Miller et al. 10 reported healing of maternal pubic bone marrow and LAM edema and of subcortical fracture within 8 months after delivery, but found no substantial change in LAM tears. Healing or partial recovery of LAM avulsion has been reported, however, and was found to be time sensitive. Generally, the healing or recovery rate was higher the sooner after delivery that the first assessment was performed 8, 9, [15] [16] [17] [18] . Both Staer-Jensen et al. 16 and Branham et al.
8 assessed women at 6 weeks and then at 6 months after delivery and reported healing rates of 24% and 31%, respectively. The difference in timing of the second assessment may explain why our observed healing rates were lower than theirs. Shek et al. 15 assessed women at 3-6 months and again at 2-3 years after delivery; their reported rate of healing was similar to ours, at 16.7%. Healing of LAM avulsion was found in 10.6% of primiparous and 18.2% of multiparous women in the current study, a non-statistically significant difference. van Delft et al. 26 reported an exceptionally high healing rate of 62% for LAM avulsions diagnosed 3 months after delivery that were reassessed at 1-year follow-up. When considering the timing of the second assessment, which was performed at 6 months after delivery by Branham et al. 8 and Staer-Jensen et al. 16 , 2-3 years after delivery by Shek et al. 15 and 3-5 years after delivery in our current study, it may be inferred that healing or recovery of LAM avulsion may have already occurred by 6 months after delivery 9 . Further delay of assessment may not show a greater improvement in the rate of healing. Apart from the different timing of the second assessment, ethnic and methodological differences may also explain the variation in healing rates among studies 27 . This may also be a result of a false-positive finding at the first assessment or false-negative finding at the second assessment. However, our findings suggest that a second vaginal delivery does not have a detrimental effect on the healed LAM.
In our study, we evaluated risk factors for the persistence or healing of LAM avulsion. However, maternal age, gestational age, duration of second stage of labor, duration of active second stage of labor, birth weight and mode of vaginal delivery at first delivery and the interval between first delivery and follow-up were not shown to be associated with persistent LAM avulsion. There was a positive association between larger LUG and persistent LAM avulsion; however, our study was underpowered to detect a statistically significant difference. Further study is required to investigate this relationship. In addition there is limited information concerning the pelvic floor function of women with healed LAM avulsion.
From a few months to 1 year after delivery, LAM avulsion does not have a significant impact on symptoms of pelvic floor disorders or the quality of life of affected women 9, 10 . In this study, LAM avulsion was not found to be associated with symptoms of prolapse. This finding was supported by the POP-Q results, with a minority of women with LAM avulsion found to have only Stage-II anterior compartment prolapse. This was not unexpected, as the mean latency between first vaginal delivery and presentation of POP is 34 (range, 3-66) years 28 . However, at 3-5 years after first delivery, women with LAM avulsion were found to have a two-fold higher risk of reporting symptoms of SUI. The relationship between LAM avulsion and SUI remains controversial, with an association found in some studies but not in others 1, 10, 29, 30 . POPDI and UDI scores were higher in women with LAM avulsion, implying that they have more bothersome symptoms of pelvic floor disorders at 3-5-year follow-up.
Because this was a longitudinal study, only 60% of the eligible women attended follow-up. However, this follow-up rate is not exceptionally low when compared with those of similar published studies 15, 26, 29 . A strength of the study is the substantial number of multiparous women included, providing information on the effect of subsequent deliveries on LAM avulsion.
In conclusion, we found that occurrence of a new LAM avulsion after a second vaginal delivery was low (0.9%). At 3-5-year follow-up, sonographic morphological healing of LAM avulsion was demonstrated in 13% of women. Symptoms of prolapse and SUI were reported more often in women with LAM avulsion than in those without, however, only the difference in rates of SUI reached statistical significance. Moreover, women with LAM avulsion had higher UDI and POPDI scores, implying that they had more bothersome symptoms.
